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RADIOLABELED IRREVERSIBLE INHIBITORS 
OF EPIDERMAL GROWTH FACTOR RECEPTOR 

TYROSINE KINASE AND THEIR USE IN 
RADIOIMAGING AND RADIOTHERAPY 

[0001] This is a continuation-in-part of PCT/IL02/00199, 
?led Mar. 12, 2002, Which claims priority from Us. patent 
application Ser. No. 09/802,928, ?led Mar. 12, 2001, now 
US. Pat. No. 6,562,319, issued May 13, 2003. 

FIELD AND BACKGROUND OF THE 
INVENTION 

[0002] The present invention relates to radiolabeled com 
pounds and their use in radioimaging and/or radiotherapy. 
More particularly, the present invention relates to radiola 
beled irreversible inhibitors of epidermal groWth factor 
receptor tyrosine kinase (EGFR-TK) and their use as biom 
arkers for medicinal radioimaging such as Positron Emission 
Tomography (PET) and Single Photon Emission Computed 
Tomography (SPECT), and as radiopharmaceuticals for 
radiotherapy. 
[0003] The use of radioactive nuclides for medicinal pur 
poses is Well knoWn in the art. Biologically active com 
pounds that bind to speci?c cell surface receptors or that in 
other Ways modify cellular functions have received some 
consideration as radiopharmaceuticals, and therefore, When 
labeled With a radioactive nuclide, such compounds are used 
as biospeci?c agents in radioimaging and radiotherapy. 

[0004] Positron Emission Tomography (PET), a nuclear 
medicine imagine technology Which alloWs the three-dimen 
sional, quantitative determination of the distribution of 
radioactivity Within the human body, is becoming an 
increasingly important tool for the measurement of physi 
ological, biochemical, and pharmacological function at a 
molecular level, both in healthy and pathological states. PET 
requires the administration to a subject of a molecule labeled 
With a positron-emitting nuclide (radiotracer) such as 15 O, 
13N, 11C and 18F, Which have half-lives of 2, 10, 20, and 110 
minutes, respectively. 
[0005] Single Photon Emission Computed Tomography 
(SPECT) is a form of chemical imaging in Which emissions 
from radioactive compounds, labeled With gamma-emitting 
radionuclides, are used to create cross-sectional images of 
radioactivity distribution in vivo. SPECT requires the 
administration to a subject of a molecule labeled With a 
gamma-emitting nuclide such as 99mTc, 67Ga, 111In and 123I. 

[0006] Polypeptides such as groWth factors, differentiation 
factors, and hormones often mediate their pleiotropic actions 
by binding to and activating cell surface receptors With an 
intrinsic intracellular protein tyrosine kinase activity. Epi 
dermal groWth factor receptor-tyrosine kinase (EGFR-TK) 
is over is expressed in breast cancer and other neoplasia. A 
suitable radiotracer that binds to EGFR-TK might alloW, 
through a nuclear medicine imaging technique such as PET 
and SPECT, the mapping and quanti?cation of this receptor 
kinase. This Would alloW the study of changes in levels of 
expression of this receptor, including the monitoring of 
response to hormonal or other chemotherapy, and could lead 
to better patient management and differentiation in regard to 
therapeutic course of action. 

[0007] Moreover, such radiotracer that comprises a suit 
able radioactive nuclide can be further used as an EGFR-TK 
biospeci?c agent for radiotherapy. 
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[0008] Recently, 99mTc-labeled anti EGFR antibody Was 
synthesiZed and biodistribution and dosimetry studies Were 
performed in humans [1, 2]. HoWever this labeled antibody, 
similar to other protein radiopharmaceuticals, has high and 
prolonged retention of radioactivity in the liver Which con 
stitutes a major problem for clinical applications. Further 
more, the researchers found that it Was difficult to obtain 
accurate quanti?cation of activity in tumors Within normal 
organs because of varying background activities, particu 
larly in lung lesions Where ?uid and atelectasis could not be 
differentiated from tumor. 

[0009] EGF itself has been labeled for nuclear medicine 
imaging With gamma emitting nuclides including 99mTc [3, 
4] and indium-111 [5, 6), and the positron-emitting nuclide 
bromine-76 [7, 8]. The biodistribution in normal rats of the 
latter, bromine-76 EGF (murine), Was reported [8], but no 
other in vivo studies in laboratory animals or humans have 
been reported. 

[0010] 4-AnilinoquinaZolines, also referred to herein as 
4-(phenylamino)quinaZolines, have been shoWn to potently 
and selectively inhibit EGFR-TK activity by binding revers 
ibly to an inner membrane ATP binding site on EGFR-TK, 
the prototype for such compounds being the small-mol 
ecules PD 153035 [9] and AG 1478 [10]. A report of a 
radioiodinated analog of PD 153035 including in vitro 
binding studies in MI)A-486 cells has been presented [11] 
PD 153035 labeled With carbon-11 in the 6,7-methoxy 
groups has been evaluated in rats implanted With human 
neuroblastoma xenografts (SH-SY5Y) but speci?c uptake 
Was not determined in a blocking study [12]. PD 153035 Was 
also labeled With carbon-11 speci?cally in the 7-methoxy 
position and biodistribution experiments Were performed in 
normal mice, but uptake speci?city could not be demon 
strated as administration of an enZyme-blocking dose of PD 
153035 caused an increase in tracer uptake in the tissues 
studied [13]. The same abstract reported the labeling of the 
7-(2-?uoroethoxy) PD 153035 analog With ?uorine-18, but 
no biological experiments With this tracer Were described. 
Additionally, the 2-18F-?uoroethyl group might be subject to 
a high rate of 18F-hydrogen ?uoride elimination to give the 
corresponding alkene ether, potentially resulting in high 
uptake of ?uorine-18 in bone, giving poor in vivo images. 
Further, these ultra potent (IC5O<30 pM) inhibitors may only 
measure ?oW or permeability surface area rather than bio 
chemical changes [14]. 

[0011] US. Pat. No. 6,126,917 teaches 4-(anilino 
)quinaZoline derivatives, reversible inhibitors of EGFR-TK, 
labeled With ?uorine-18 on the aniline ring. These com 
pounds Were tested in vitro, in vivo and by PET image 
analysis. While some of these compounds shoWed effective 
(reversible) inhibition activity in vitro, they Were found to be 
ineffective as tracers for the imaging of EGFR-TK in vivo 
due to kinetic factors such as kOn and kOEE and rapid blood 
clearance, as Was ?ber demonstrated by an animal PET 
comparative study betWeen ?uorine-18 FDG and these 
radiolabeled compounds. It is assumed that the discrepancy 
betWeen the encouraging in vitro results and the discourag 
ing in vivo results derives from the ATP competition at the 
compounds’ binding site. 

[0012] Thus, in order to achieve better imaging results, the 
non-speci?c binding of the radiolabeled compounds should 
be reduced. This can potentially be achieved by the use of 



US 2004/0265228 A1 

derivatives of irreversible EGFR-TK inhibitors that are 
labeled With a positron-emitting nuclide. The irreversible 
binding of such compounds could potentially result in higher 
diagnostic performance. Furthermore, such irreversible 
inhibitors, When labeled With a suitable radioactive nuclide, 
can be used as effective radiotherapy agents as Well, based 
on their high affinity toWard, and irreversible binding to, 
tumor cells expressing EGFR-TK. Thus, such radiolabeled 
compounds that are targeted to the EGF receptor can bind 
preferentially to tumor cells and Would lead to a high 
effective concentration of the radionuclides and therefore 
cause preferential cell killing at the site of the tumor. 

[0013] Irreversible EGFR-TK inhibitors Were recently 
described [15, 16, 19 and US. Pat. Nos. 6,153,617 and 
6,127,374). The irreversible binding thereof is achieved by 
4-(anilino)quinaZoline derivatives that are substituted at the 
6 or 7 position of the quinaZoline ring With an a,p-unsatur 
ated carboxylic group, preferably an acrylamide group, 
Which binds covalently to the Cys-773 at the EGFR-TK ATP 
binding site. Some of these compounds shoWed high 
potency toWard EGFR inhibition in both in vitro and in vivo 
experiments. HoWever, these compounds Were not radiola 
beled, and therefore cannot be used for radioimaging or 
radiotherapy. 
[0014] There is thus a Widely recogniZed need for, and it 
Would be highly advantageous to have, radiolabeled irre 
versible inhibitors of EGFR-TK for use in radioimaging and 
radiotherapy. 

SUMMARY OF THE INVENTION 

[0015] According to the present invention there are pro 
vided novel radiolabeled compounds that are irreversible 
inhibitors of EGFR-TK and methods of using same in 
radioimaging and radiotherapy. 

[0016] Thus, according to one aspect of the present inven 
tion there is provided a radiolabeled compound of a formula: 

Formula I 
D C 

R3 
\ 
N B 

Q1 

) 
Q2 N 

[0017] Wherein: 
[0018] Q1 is X—Y(=O)-Z and Q2 is selected from 

the group consisting of is hydrogen, halogen, alkoxy, 
hydroxy, thiohydroxy, thioalkoxy, alkylamino and 
amino, or Q1 is selected from the group consisting of 
hydrogen, halogen, alkoxy, hydroxy, thiohydroxy, 
thioalkoxy, alkylamino and amino and Q2 is 

S— or absent; 
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[0020] Y is selected from the group consisting of a 
non-radioactive carbon and a radioactive carbon; 

[0021] Z is selected from the group consisting of 
—R2C=CR3, —CEC—R3 and —R2C=C=CHR3; 

[0022] R8 is selected from the group consisting of 
hydrogen or alkyl having 1-8 carbon atoms; 

[0023] A, B, C and D are each independently selected 
from the group consisting of hydrogen, a non-radio 
active derivatiZing group and a radioactive deriva 
tiZing group selected from a radioactive bromine, a 
radioactive iodine and a radioactive ?uorine; 

[0024] R1 is selected from the group consisting of 
hydrogen and substituted or non-substituted alkyl 
having 1-6 carbon atoms; 

[0025] R2 is selected from the group consisting of 
hydrogen, halogen and alkyl having 1-6 carbon 
atoms; and 

[0026] R3 is selected from the group consisting of 
hydrogen, halogen, carboxy, alkenyl, alkoxy, carbo 
nyl, substituted or non-substituted alkyl having 1-6 
carbon atoms and substituted or non-substituted phe 
nyl; 

[0027] provided that the compound comprises at least 
one radioactive atom. 

[0028] According to further features in preferred embodi 
ments of the invention described beloW, the non-radioactive 
derivatiZing group is selected from the group consisting of 
hydrogen, halogen, alkyl, haloalkyl, hydroxy, alkoxy, car 
boxy, carbalkoxy, thiohydroxy, thiocarboxy, thioalkoxy, 
alkylsul?nyl, alkylsulfonyl, amino, diamino, carbamyl, 
dicarbamoyl, nitro and cyano. 

[0029] According to still further features in the described 
preferred embodiments Q1 is X—Y(=O)-Z and Q2 is 
selected from the group consisting of hydrogen, halogen, 
alkoxy, hydroxy, thiohydroxy, thioalkoxy, alkylamino and 
amino. 

[0030] According to still further features in the described 
preferred embodiments Q1 is X—Y(=O)-Z and Q2 is 
hydrogen. 
[0031] According to still further features in the described 
preferred embodiments Q1 is X—Y(=O)-Z and Q2 is 
alkoxy. 
[0032] According to still further features in the described 
preferred embodiments the alkoxy comprises a morpholino 
group. 

[0033] According to still ?xer features in the described 
preferred embodiments Q1 is X—Y(=O)-Z and Q2 is 
alkylamino. Preferably, the alkylamino comprises a piper 
aZino group. 

[0034] According to still further features in the described 
preferred embodiments X is —NR1— and Z is 
—R2C=CHR3. 

[0035] According to still further features in the described 
preferred embodiments each of R3, R2 and R3 is hydrogen. 

[0036] According to still further features in the described 
preferred embodiments R3 is a substituted alkyl having 1-6 
carbon atoms. 
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[0037] According to still further features in the described 
preferred embodiments the substituted alkyl comprises a 
radioactive atom. 

[0038] According to still further features in the described 
preferred embodiments the substituted alkyl comprises a 
substituted amino group, e.g., an alkylamino group or a 
dialkylamino group. 

[0039] According to still further features in the described 
preferred embodiments the substituted amino group com 
prises the radioactive atom. 

[0040] According to still further features in the described 
preferred embodiments the radioactive atom is a radioactive 
carbon, preferably carbon-11. 

[0041] According to still further features in the described 
preferred embodiments Y is a radioactive carbon. 

[0042] According to still further features in the described 
preferred embodiments at least one of A, B, C and D is a 
radioactive ?uorine. 

[0043] According to still further features in the described 
preferred embodiments D is a radioactive ?uorine. 

[0044] According to still further features in the described 
preferred embodiments D is a radioactive ?uorine, A and B 
are each chlorine and C is hydrogen. 

[0045] According to still further features in the described 
preferred embodiments A is a radioactive bromine or a 
radioactive iodine. 

[0046] According to still further features in the described 
preferred embodiments the radioactive carbon is carbon-11. 

[0047] According to still further features in the described 
preferred embodiments Y is carbon-11, A and B are each 
chlorine, C is hydrogen and D is ?uorine. 

[0048] According to still further features in the described 
preferred embodiments Y is carbon-11, A is bromine or 
iodine and B, C and D are each hydrogen. 

[0049] According to still further features in the described 
preferred embodiments the radioactive ?uorine is ?uorine 
18. 

[0050] According to still ?xer features in the described 
preferred embodiments the radioactive bromine is bromine 
76 or bromine-77. 

[0051] According to still further features in the described 
preferred embodiments the radioactive iodine is iodine-123, 
iodine-124 or iodine-131, preferably iodine-124. 

[0052] According to another aspect of the present inven 
tion there is provided a pharmaceutical composition com 
prising as an active ingredient the radiolabeled compound of 
the invention and a pharmaceutical acceptable carrier. 

[0053] According to yet another aspect of the present 
invention there is provided a method of monitoring the level 
of epidermal groWth factor receptor Within a body of a 
patient comprising (a) administering to the patient the radio 
labeled compound of the invention; and (b) employing a 
nuclear imaging technique for monitoring a distribution of 
the compound Within the body or Within a portion thereof. 
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[0054] According to further features in preferred embodi 
ments of the invention described beloW, the technique is 
positron emission tomography or single photon emission 
computed tomography. 
[0055] According to still another aspect of the present 
invention there is provided a method of radiotherapy com 
prising administering to a patient a therapeutically effective 
amount of the radiolabeled compound of the invention. 

[0056] According to an additional aspect of the present 
invention there is provided a method of synthesiZing a 
radiolabeled compound of a formula: 

FormulaII 

D (3 

R3 
\ 
N B 

0 
|| 6 \ \N 

Z—Y—X—| A 
7 / / N 

[0057] Wherein: 

[0058] X—Y(=O)-Z is at position 6 or 7 of the 
quinaZoline ring; 

[0059] X is selected from the group consisting of 

S— or absent; 

[0060] Y is carbon-11; 

[0061] Z is selected from the group consisting of 
—R2C=CHR3, —CEC—R3 and 
—R2C=C=CHR3; 

[0062] R8 is selected from the group consisting of 
hydrogen or alkyl having 1-8 carbon atoms; 

[0063] A, B, C and D are each independently selected 
from the group consisting of hydrogen and a non 
radioactive derivatiZing group; 

[0064] R1 is selected from the group consisting of 
hydrogen, and substituted or non-substituted alkyl 
having 1-6 carbon atoms; 

[0065] R2 is selected from the group consisting of 
hydrogen, halogen and alkyl having 1-6 carbon 
atoms; and 

[0066] R3 is selected from the group consisting of 
hydrogen, halogen, carboXy, alkenyl, alkoXy, carbo 
nyl, substituted or non -substituted alkyl having 1-6 
carbon atoms and substituted or non-substituted phe 
nyl. 

[0067] The method comprising: (a) coupling an aniline 
derivatiZed by the R'‘‘, A, B, C and D With a 4-chloroquinaZo 
line substituted at position 6 and/or 7 by one or more 
reactive group(s), so as to produce a reactive 4-(phenylami 
no)quinaZoline derivatiZed by the R8, A, B, C and D; and (b) 
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reacting the reactive 4-(phenylamino)quinaZoline With a 
reactive carbon-11 labeled ot,[3-unsaturated carboXylic 
derivative. 

[0068] According further features in preferred embodi 
ments of the invention described below, the reactive 4-(phe 
nylamino)quinaZoline is 4-(phenylamino)-6-nitroquinaZo 
line, and the method further comprising, prior to step (b), 
reducing the 4-(phenylamino)-6-nitroquinaZoline so as to 
produce a 4-(phenylamino)-6-aminoquinaZoline derivatiZed 
by A, B, C and D. 

[0069] According to still further features in the described 
preferred embodiments the 4-chloroquinaZoline is substi 
tuted at positions 6 and 7 by a ?rst and a second reactive 
groups, the method ?irter comprising, prior to step (c), 
reacting the reactive 4-(phenylamino)quinaZoline With a 
chemically reactive group. 

[0070] According to still further features in the described 
preferred embodiments the reactive carbon-11 labeled ot,[3 
unsaturated carboXylic derivative is carbon-11 labeled acry 
loyl chloride. 

[0071] According to yet an additional aspect of the present 
invention there is provided a method of synthesiZing a 
radiolabeled compound of formula II as described herein 
above, Wherein: 

[0072] X—Y(=O)-Z is at position 6 or 7 of the 
quinaZoline ring; 

[0073] X is selected from the group consisting of 

S— or absent; 

[0074] Y is non-radioactive carbon; 

[0075] Z is selected from the group consisting of 
—R2C=CHR3, —CEC—R3 and 
—R2C=C=CHR3; 

[0076] R8 is selected from the group consisting of 
hydrogen or alkyl having 1-8 carbon atoms; 

[0077] A, B, C and D are each independently selected 
from the group consisting of hydrogen, (ii) a 
non-radioactive derivatiZing group; and (iii) ?uo 
rine-18, provided that at least one of A, B, C and D 
is ?uorine-18; 

[0078] R1 is selected from the group consisting of 
hydrogen, and substituted or non-substituted alkyl 
having 1-6 carbon atoms; 

[0079] R2 is selected from the group consisting of 
hydrogen, halogen and alkyl having 1-6 carbon 
atoms; and 

[0080] R3 is selected from the group consisting of 
hydrogen, halogen, carboXy, alkenyl, alkoXy, carbo 
nyl, substituted or non -substituted alkyl having 1-6 
carbon atoms and substituted or non-substituted phe 
nyl. 

[0081] The method comprising: (a) preparing a ?uorine 
18 labeled aniline derivatiZed by the R'‘‘, A, B, C and D, 
Wherein at least one of A, B, C and D is ?uorine-18; (b) 
coupling the ?uorine-18 labeled aniline derivatiZed by the 
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R'‘‘, A, B, C and D With 4-chloroquinaZoline substituted at 
position 6 and/or 7 by one or more reactive group(s), so as 
to produce a reactive ?uorine-18 labeled 4-(phenylamino 
))quinaZoline derivatiZed by A, B, C and D; and (c) reacting 
the reactive ?uorine-18 labeled 4-(phenylamino)quinaZoline 
With a reactive ot,[3-unsaturated derivative, so as to produce 
a ?uorine-18 labeled 4-(phenylamino)quinaZoline substi 
tuted by an ot,[3-unsaturated group. 

[0082] According to further features in preferred embodi 
ments of the invention described beloW, the reactive ?uo 
rine-18 labeled 4-(phenylamino)-quinaZoline is ?uorine-18 
labeled 4-(phenylamino)-6-nitroquinaZoline and the method 
further comprising, prior to step (c), reducing the ?uorine-18 
labeled 4-(phenylamino)-6-nitroquinaZoline so as to pro 
duce a ?uorine-18 labeled 4-(phenylamino)-6-amino 
quinaZoline derivatiZed by A, B, C and D. 

[0083] According to still farther features in the described 
preferred embodiments the 4-chloroquinaZoline is substi 
tuted at positions 6 and 7 by a ?rst and a second reactive 
groups and the method further comprising, prior to step (c), 
reacting the reactive ?uorine-18 labeled 4-(phenylamino 
)quinaZoline With a chemically reactive group. 

[0084] According to still further features in the described 
preferred embodiments the reactive ot,[3-unsaturated car 
boXylic derivative is acryloyl chloride. 

[0085] According to still further features in the described 
preferred embodiments R3 is the substituted alkyl having 1-6 
carbon atoms and the reactive ot,[3-unsaturated carboXylic 
derivative terminates With a reactive group, and the method 
further comprising reacting the ?uorine-18 labeled 4-(phe 
nylamino)quinaZoline substituted by the ot,[3-unsaturated 
carboXylic group With a reactive substituted alkyl having 1-6 
carbon atoms. 

[0086] According to still an additional aspect of the 
present invention there is provided a method of synthesiZing 
a radiolabeled compound of formula II as described here 
inabove, Wherein: 

[0087] X—Y(=O)-Z is at position 6 or 7 of the 
quinaZoline ring; 

[0088] X is selected from the group consisting of 

S— or absent; 

[0089] Y is a non-radioactive carbon; 

[0090] Z is selected from the group consisting of 
—R2C=CHR3, —CEC—R3 and 
—R2C=C=CHR3; 

[0091] R8 is selected from the group consisting of 
hydrogen or alkyl having 1-8 carbon atoms; 

[0092] A, B, C and D are each independently selected 
from the group consisting of hydrogen, (ii) a 
non-radioactive derivatiZing group; and (iii) a radio 
active atom selected from a radioactive bromine and 
a radioactive iodine, provided that at least one of A, 
B, C and D is a radioactive bromine or a radioactive 

iodine; 
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[0093] R1 is selected from the group consisting of 
hydrogen, and substituted or non-substituted alkyl 
having 1-6 carbon atoms; 

[0094] R2 is selected from the group consisting of 
hydrogen, halogen and alkyl having 1-6 carbon 
atoms; and 

[0095] R3 is selected from the group consisting of 
hydrogen, halogen, carboXy, alkenyl, alkoXy, carbo 
nyl, substituted or non-substituted alkyl having 1-6 
carbon atoms and substituted or non-substituted phe 
nyl. 

[0096] The method comprising: (a) coupling an aniline 
derivatiZed by the R'‘‘, A, B, C and D, Wherein at least one 
of A, B, C and D is a halogen atom, With 4-chloroquinaZo 
line substituted at position 6 and/or 7 by one or more 
reactive group(s), so as to produce a reactive 4-(phenylami 
no)quinaZoline derivatiZed by A, B, C and D; (b) radiola 
beling the reactive 4-(phenylamino)quinaZoline derivatiZed 
by A, B, C and D With a radioactive bromine or a radioactive 
iodine, so as to produce a radioactive bromine labeled or a 
radioactive iodine labeled reactive 4-(phenylamino 
)quinaZoline derivatiZed by A, B, C and D, Wherein at least 
one of the A, B, C and D is a radioactive bromine or a 
radioactive iodine; and (c) reacting the radioactive bromine 
labeled or radioactive iodine labeled reactive 4-(phenylami 
no)quinaZoline With a reactive ot,[3-unsaturated derivative. 

[0097] According to further features in the preferred 
embodiments of the invention described beloW, the reactive 
4-(phenylamino)-quinaZoline is 4-(phenylamino)-6-nitro 
quinaZoline and the method Ether comprising, prior to step 
(b), reducing the 4-(phenylamino)-6-nitroquinaZoline, so as 
to produce a 4-(phenylamino)-6-aminoquinaZoline deriva 
tiZed by A, B, C and D, Wherein at least one of the A, B, C 
and D is a halogen. 

[0098] According to still further features in the described 
preferred embodiments the halogen is bromine. 

[0099] According to still further features in the described 
preferred embodiments the 4-chloroquinaZoline is substi 
tuted at positions 6 and 7 by a ?rst and a second reactive 
groups and the method further comprising, prior to step (c), 
(e) reacting the reactive radioactive bromine labeled or 
radioactive iodine labeled 4-(phenylamino)quinaZoline With 
a chemically reactive group. 

[0100] According to still further features in the described 
preferred embodiments R3 is the substituted alkyl having 1-6 
carbon atoms, the reactive ot,[3-unsaturated carboXylic 
derivative terminates With a reactive group and the method 
further comprising reacting the radioactive bromine labeled 
or radioactive iodine labeled reactive 4-(phenylamino 
)quinaZoline substituted by the ot,[3-unsaturated carboXylic 
group With a reactive substituted alkyl having 1-6 carbon 
atoms. 

[0101] According to still further features in the described 
preferred embodiments the reactive ot,[3-unsaturated car 
boXylic derivative is 4-bromocrotonyl chloride. According 
to still further features in the described preferred embodi 
ments the reactive substituted alkyl is dimethylamine. 

[0102] According to still further features in the described 
preferred embodiments the chemically reactive group com 
prises a morpholinoalkoXy group. 
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[0103] According to a further aspect of the present inven 
tion, there is provided a method of synthesiZing a radiola 
beled compound of formula II as described hereinabove, 
Wherein: 

[0104] X—Y(=O)-Z is at position 6 or 7 of the 
quinaZoline ring; 

[0105] X is selected from the group consisting of 

S— or absent; 

[0106] Y is a non-radioactive carbon; 

[0107] Z is selected from the group consisting of 
—R2C=CHR3, —CEC—R3 and 
—R2C=C=CHR3; 

[0108] R8 is selected from the group consisting of 
hydrogen or alkyl having 1-8 carbon atoms; 

[0109] A, B, C and D are each independently selected 
from the group consisting of hydrogen, (ii) a 
non-radioactive derivatiZing group; and (iii) a radio 
active atom selected from a radioactive bromine and 
a radioactive iodine, provided that at least one of A, 
B, C and D is a radioactive bromine or a radioactive 

iodine; 

[0110] R1 is selected from the group consisting of 
hydrogen, and substituted or non-substituted alkyl 
having 1-6 carbon atoms; 

[0111] R2 is selected from the group consisting of 
hydrogen, halogen and alkyl having 1-6 carbon 
atoms; and 

[0112] R3 is substituted alkyl having 1-6 carbon 
atoms, Which comprises a carbon-11 atom. 

[0113] The method comprising: (a) coupling an aniline 
derivatiZed by Ra, A, B, C and D With a 4-chloroquinaZoline 
substituted at position 6 or 7 by a ?rst reactive group, so as 
to produce a reactive 4-(phenylamino)quinaZoline deriva 
tiZed by A, B, C and D; (b) reacting the reactive 4-(pheny 
lamino)quinaZoline With a reactive ot,[3-unsaturated car 
boXylic derivative, the reactive ot,[3-unsaturated carboXylic 
derivative terminating With a second reactive group, so as to 
produce a 4-(phenylamino)quinaZoline substituted at posi 
tion 6 or 7 by an ot,[3-unsaturated carboXylic group termi 
nating With the second reactive group; (c) reacting the 
4-(phenylamino)quinaZoline substituted at position 6 or 7 by 
the ot,[3-unsaturated carboXylic group terminating With the 
second reactive group With a reactive substituted alkyl 
having 1-6 carbon atoms, so as to produce a 4-(phenylami 
no)quinaZoline substituted at position 6 or 7 by the ot,[3 
unsaturated carboXylic group terminating With the reactive 
substituted alkyl; and (d) reacting the 4-(phenylamino 
)quinaZoline substituted at position 6 or 7 by the ot,[3 
unsaturated carboXylic group terminating With the reactive 
substituted alkyl With a carbon-11 labeled reactive com 
pound. 
[0114] According to further features in preferred embodi 
ments of the invention described beloW, the reactive 4-(phe 
nylamino)quinaZoline is 4-(phenylamino)-6-nitroquinaZo 
line and the method further comprising, prior to step (b), 
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reducing the 4-(phenylamino)-6-nitroquinaZoline so as to 
produce a 4-(phenylamino)-6-aminoquinaZoline derivatiZed 
by A, B, C and D. 

[0115] According to still further features in the described 
preferred embodiments the reactive ot,[3-unsaturated car 
boXylic derivative is acryloyl chloride. 

[0116] According to still further features in the described 
preferred embodiments the second reactive group is halo 
gen. 

[0117] According to still further features in the described 
preferred embodiments the halogen is selected from the 
group consisting of bromine and iodine. 

[0118] According to still further features in the described 
preferred embodiments the reactive ot,[3-unsaturated car 
boXylic derivative terminating With the second reactive 
group is 4-bromocrotonyl chloride. 

[0119] According to still further features in the described 
preferred embodiments the reactive substituted alkyl having 
1-6 carbon atoms is methylamine. 

[0120] According to still further features in the described 
preferred embodiments the carbon-11 labeled reactive com 
pound is carbon-11 methyl iodide. 

[0121] According to still further features in the described 
preferred embodiments the X—Y(=O)-Z group is at posi 
tion 6 of the quinaZoline ring. 

[0122] The present invention successfully addresses the 
shortcomings of the presently knoWn con?gurations by 
providing novel irreversible biomarkers for radioimaging 
and radiopharmaceuticals for radiotherapy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0123] The invention is herein described, by Way of 
eXample only, With reference to the accompanying draWings. 
With speci?c reference noW to the draWings in detail, it is 
stressed that the particulars shoWing are by Way of eXample 
and for purposes of illustrative discussion of the preferred 
embodiments of the present invention only, and are pre 
sented in the cause of providing What is believed to be the 
most useful and readily understood description of the prin 
ciples and conceptual aspects of the invention. In this regard, 
no attempt is made to shoW structural details of the invention 
in more detail than is necessary for a fundamental under 
standing of the invention, the description taken With the 
draWings making apparent to those skilled in the art hoW the 
several forms of the invention may be embodied in practice. 

[0124] 
[0125] FIG. 1 presents an eXample of dose-response auto 
phosphorylation inhibition curve for Compound 3 of the 
invention With an IC5O value of 0.051 nM and a range of 
0.0088/0.294 as 95% con?dence interval; 

[0126] FIG. 2 is a bar graph presenting the EGFR auto 
phosphorylation level in A431 cells folloWing incubation 
With various concentrations of Compound 3 and EGF stimu 
lation-lysis at 2 hours and 8 hours post-incubation time 
(White bars With and Without dots are control Without EGF 
stimulation, bars With squared pattern are controls stimu 
lated With EGF and the other bars shoW the described EGFR 
autophosphorylation level). The inset beloW shoWs a West 

In the draWings 
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ern blot for each concentration at 2 hours and 8 hours 
post-incubation time and is coaligned With the bars; 

[0127] FIG. 3 is a bar graph presenting the autophospho 
rylation levels of EGFR in A431 cells after varying incu 
bation time With Compound 3, at 8-hour post-incubation 
time (the bars are the result of tWo determinations). The inset 
beloW shoWs a Western blot for each data point and is 
coaligned With the bars; 

[0128] FIG. 4 is a bar graph presenting the autophospho 
rylation levels of EGFR in A431 cells after varying incu 
bation time With 1 nM and 30 nM of Compound 3, at 1-hour 
post-incubation time. The inset beloW shoWs a Western blot 
for each data point and is coaligned With the bars; 

[0129] FIG. 5 presents an eXample of dose-response auto 
phosphorylation inhibition curve for Compound 4 of the 
present invention (denoted as ML04) With an IC5O value of 
0.06 nM; 

[0130] FIG. 6 presents comparative plots demonstrating 
the speci?c binding of carbon-11 labeled Compound 4 of the 
present invention (denoted as ML04) to A431 cells; 

[0131] FIG. 7 presents bar graphs demonstrating the 
tumor/blood ratio (in % ID/gram) in tumor-bearing rats 
injected With carbon-11 labeled Compound 4, 30 and 120 
minutes post injection; 

[0132] FIGS. Sa-b presents comparative TLC chromato 
grams demonstrating the metabolism of C-11 radiolabeled 
Compound 3 (denoted as ML03) and Compound 4 (denoted 
a,s ML04), 30 minutes and 60 minutes post injection thereof 
to tumor bearing rats, respectively (FIG. 8a) and a bar graph 
demonstrating the percentages of intact tracer (radiolabeled 
Compounds 3 and 4), extracted from the blood 15, 30 and 45 
minutes post injection; 

[0133] FIG. 9 presents PET images of tumor bearing nude 
rats injected With carbon-11 labeled Compound 4 (A) and 
With non-labeled Compound 4 folloWed by carbon-11 
labeled Compound 4 (B); 

[0134] FIG. 10 presents comparative plots demonstrating 
the activity concentration of carbon-11 labeled Compound 4 
in tumor over time, When administered to rats alone (dia 
monds) and When administered 10 minutes folloWing 
administration of non-labeled Compound 4 (triangles); 

[0135] FIG. 11 presents plots demonstrating the activity 
concentration of carbon-11 labeled Compound 4 over time 
in the heart (diamond), liver (squares) and kidney (triangles) 
of rats; and 

[0136] FIG. 12 presents PET coronal vieWs demonstrating 
the bladder excretion of PDG (left image) and carbon-11 
labeled Compound 4 (right image). 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0137] The present invention is of novel radiolabeled 
compounds Which can be used as biomarkers for radioim 
aging such as Positron Emission Tomography (PET) and 
Single Photon Emission Computed Tomography (SPECT) 
and as radiopharmaceuticals for radiotherapy. Speci?cally, 
the novel radiolabeled compounds can be used as irrevers 
ible PET or SPECT biomarkers and/or as radiopharmaceu 
ticals, for quanti?cation, mapping and radiotherapy of epi 



US 2004/0265228 A1 

dermal growth factor receptor tyrosine kinase (EGFR-TK) 
associated diseases, such as a variety of cancers in Which 
ampli?cation, mutation and/or over expression of EGFR-TK 
has occurred. 

[0138] The principles and operation of the present inven 
tion may be better understood With reference to the draWings 
and accompanying descriptions. 

[0139] Before explaining at least one embodiment of the 
invention in detail, it is to be understood that the invention 
is not limited in its application to the details set forth in the 
folloWing description or exempli?ed by the examples. The 
invention is capable of other embodiments or of being 
practiced or carried out in various Ways. Also, it is to be 
understood that the phraseology and terminology employed 
herein is for the purpose of description and should not be 
regarded as limiting. 

[0140] According to one aspect of the present invention 
there is provided a radiolabeled compound of a formula: 

Formula I 
D C 

R3 
\ 
N B 

Q1 

9 

[0141] Wherein: 

[0142] Q1 is X—Y(=O)-Z and Q2 is selected from 
the group consisting of hydrogen, halogen, alkoxy, 
hydroxy, thiohydroxy, thioalkoxy, alkylamino and 
amino, or Q1 is selected from the group consisting of 
hydrogen, halogen, alkoxy, hydroxy, thiohydroxy, 
thioalkoxy, alkylamino and amino and Q2 is 

S— or absent; 

[0144] Y is selected from the group consisting of a 
non-radioactive carbon and a radioactive carbon; 

[0145] Z is selected from the group consisting of 
—R2C=CR3, —CEC—R3 and —R2C=C=CHR3; 

[0146] R8 is selected from the group consisting of 
hydrogen or alkyl having 1-8 carbon atoms; 

[0147] A, B, C and D are each independently selected 
from the group consisting of hydrogen, a non-radio 
active derivatiZing group and a radioactive deriva 
tiZing group selected from a radioactive bromine, a 
radioactive iodine and a radioactive ?uorine; 

[0148] R1 is selected from the group consisting of 
hydrogen and substituted or non-substituted alkyl 
having 1-6 carbon atoms; 
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[0149] R2 is selected from the group consisting of 
hydrogen, halogen and alkyl having 1-6 carbon 
atoms; and 

[0150] R3 is selected from the group consisting of 
hydrogen, halogen, carboxy, alkenyl, alkoxy, carbo 
nyl, substituted or non-substituted alkyl having 1-6 
carbon atoms and substituted or non-substituted phe 
nyl; 

[0151] With the provision that the compound com 
prises at least one (e.g., one, tWo or more) radioac 
tive atom. 

[0152] As used herein in the speci?cation and in the 
claims section that folloWs, the phrase “radiolabeled com 
pound” or “radioactive atom” (type speci?ed or not) refer to 
a compound that comprises one or more radioactive atoms 
or to a radioactive atom With a speci?c radioactivity above 
that of background level for that atom. It is Well knoWn, in 
his respect, that naturally occurring elements are present in 
the form of varying isotopes, some of Which are radioactive 
isotopes. The radioactivity of the naturally occurring ele 
ments is a result of the natural distribution of these isotopes, 
and is commonly referred to as a background radioactive 
level. HoWever, there are knoWn methods of enriching a 
certain element With isotopes that are radioactive. The result 
of such enrichment is a population of atoms characteriZed by 
higher radioactivity than a natural population of that atom, 
and thus the speci?c radioactivity thereof is above the 
background level. 

[0153] Thus, the radiolabeled compounds of the present 
invention have a speci?c radioactivity that is higher than the 
corresponding non-labeled compounds, and can therefore be 
used as agents for radioimaging and radiotherapy. 

[0154] Furthermore, the term “non-radioactive”, as used 
herein With respect to an atom or a derivatiZing group, refers 
to an atom or a derivatiZing group that does not comprise a 
radioactive atom and thus the speci?c radioactivity thereof 
is of a background level. 

[0155] The term “radioactive”, as used herein With respect 
to an atom or a derivatiZing group, refers to an atom or a 

derivatiZing group that comprises a radioactive atom and 
therefore the speci?c radioactivity thereof is above the 
background level. 

[0156] As used herein in the speci?cation and in the 
claims section that folloWs, the term “derivatiZing group” 
refers to a major portion of a group Which is covalently 
attached to another group. 

[0157] As used herein in the speci?cation and in the 
claims section that folloWs, the term “halogen”, Which is 
also referred to herein as “halo”, refers to ?uorine, chlorine, 
bromine or iodine. 

[0158] As used herein, the term “hydroxy” refers to an 
—OH group. 

[0159] As used herein, the term “alkyl” refers to a satu 
rated aliphatic hydrocarbon including straight chain and 
branched chain groups. Preferably, the alkyl group is a 
medium siZe alkyl having 1 to 10 carbon atoms. More 
preferably, it is a loWer alkyl having 1 to 6 carbon atoms. 
Most preferably it is an alkyl having 1 to 4 carbon atoms. 
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Representative examples of an alkyl group are methyl, ethyl, 
propyl, isopropyl, butyl, tert-butyl, pentyl and hexyl. 

[0160] The alkyl group, according to the present inven 
tion, may be substituted or non-substituted. When substi 
tuted, the substituent group can be, for example, cycloalkyl, 
alkenyl, aryl, heteroaryl, heteroalicyclic, hydroxy, alkoxy, 
aryloxy, thiohydroxy, thioalkoxy, thioaryloxy, halo, perhalo, 
trihalomethyl, carboxy, alkoxycarbonyl, thiocarhoxy, car 
bamyl, cyano, nitro, N-piperidinyl, N-piperaZinyl, Nl-pip 
eraZinyl-N4-alkyl, N-pyrrolidyl, pyridinyl, N-imidaZoyl, 
N-morpholino, N-thiomorpholino, N-hexahydroaZepine, 
amino or NRbRc, Wherein Rb and Rc are each indepen 
dently hydrogen, alkyl, hydroxyalkyl, N-piperidinyl, N-pip 
eraZinyl, N1-piperaZinyl-N4-alkyl, N-pyrrolidyl, pyridinyl, 
N-imidaZoyl, N-morpholino, N-thiomorpholino and 
N-hexahydroaZepine. 

[0161] As used herein, the term “cycloalkyl” refers to an 
all-carbon monocyclic or fused ring (i.e., rings Which share 
an adjacent pair of carbon atoms) group Wherein one of more 
of the rings does not have a completely conjugated pi 
electron system. Examples, Without limitation, of cycloalkyl 
groups are cyclopropane, cyclobutane, cyclopentane, cyclo 
pentene, cyclohexane, cyclohexadiene, cycloheptane, cyclo 
heptadiene and adamantane. 

[0162] The term “alkoxy” refers to both an —O-alkyl and 
an —O-cycloalkyl group, as de?ned hereinabove. Repre 
sentative examples of alkoxy groups include methoxy, 
ethoxy, propoxy and tert-butoxy. 

[0163] The —O-alkyl and the O-cycloalkyl groups, 
according to the present invention, may be substituted or 
non-substituted. When substituted, the substituent group can 
be, for example, cycloalkyl, alkenyl, aryl, heteroaryl, het 
eroalicyclic, hydroxy, alkoxy, aryloxy, thiohydroxy, thio 
alkoxy, thioaryloxy, halo, perhalo, trihalomethyl, carboxy, 
alkoxycarbonyl, thiocarboxy, carbamyl, cyano, nitro, N-pi 
peridinyl, N-piperaZinyl, N1-piperaZinyl-N4-alkyl, N-pyr 
rolidyl, pyridinyl, N-imidaZoyl, Nl-morpholino, N-thiomor 
pholino, N-hexahydroaZepine, amino or NRbRc, Wherein 
Rb and Rc are each independently hydrogen, alkyl, hydroxy 
alkyl, N-piperidinyl, N-piperaZinyl, N-piperaZinyl-N4-alkyl, 
N-pyrrolidyl, pyridinyl, N-imidaZoyl, N-morpholino, 
N-thiomorpholino and N-hexahydroaZepine. 

[0164] The term “thiohydroxy” refers to a —SH group. 

[0165] The term “thioalkoxy” refers to both an —S-alkyl 
group, and an —S-cycloalkyl group, as de?ned herein 

[0166] The term “amino” refers to a —NH2 group. 

[0167] The term “alkylamino” refers to a —NRbRc group 
Wherein Rb and Rc are each independently hydrogen, alkyl, 
hydroxyalkyl, N-piperidinyl, N-piperaZinyl, Nl-piperazinyl 
N4-alkyl, N-pyrrolidyl, pyridinyl, N-imidaZoyl, N-mor 
pholino, N-thiomorpholino and N-hexahydroaZepine, or, 
alternatively, Rb and Rc are covalently attached one to the 
other so as to form a cyclic amino compound such as, but not 
limited to, N-piperidinyl, N-piperaZinyl, N1-piperaZinyl-N4 
alkyl, N-pyrrolidyl, pyridin, N-imidaZoyl, N-morpholino, 
N-thiomorpholino and N-hexahydroaZepine. 

[0168] The term “carboxy” refers to a —C(=O)— group. 

[0169] The term “alkoxycarbonyl” group, also referred to 
herein as “carbalkoxy”, refers to a —C(=O)—O—R‘ 
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group, Where R‘ is alkyl, cycloalkyl, alkenyl, aryl, heteroaryl 
(bonded through a ring carbon) or heteroalicyclic (bonded 
through a ring carbon) as de?ned hereinabove. 

[0170] An “alkenyl” group refers to an alkyl group Which 
consists of at least tWo carbon atoms and at least one 
carbon-carbon double bond. 

[0171] An “aryl” group refers to an all-carbon monocyclic 
or fused-ring polycyclic (i.e., rings Which share adjacent 
pairs of carbon atoms) group having a completely conju 
gated pi-electron system. Examples, Without limitation, of 
aryl groups are phenyl, naphthalenyl and anthracenyl. 

[0172] A “phenyl” group, according to the present inven 
tion can be substituted by one to three substituents or 
non-substituted. When substituted, the substituent group 
may be, for example, halogen, alkyl, alkoxy, nitro, cyano, 
trihalomethyl, alkylamino or monocyclic heteroaryl. 

[0173] The term “heteroaryl” group includes a monocyclic 
or fused ring (i.e., rings Which share an adjacent pair of 
atoms) group having in the ring(s) one or more atoms, such 
as, for example, nitrogen, oxygen and sulfur and, in addition, 
having a completely conjugated pi-electron system. 
Examples, Without limitation, of heteroaryl groups include 
pyrrole, furane, thiophene, imidaZole, oxaZole, thiaZole, 
pyraZole, pyridine, pyrimidine, quinoline, isoquinoline and 
purine. 

[0174] A“heteroalicyclic” group refers to a monocyclic or 
fused ring group having in the ring(s) one or more atoms 
such as nitrogen, oxygen and sulfur. The rings may also have 
one or more double bonds. HoWever, the rings do not have 
a completely conjugated pi-electron system. 

[0175] An “aryloxy” group refers to both an —O-aryl and 
an —O-heteroaryl group, as de?ned herein. 

[0176] An “thioaryloxy” group refers to both an —S-aryl 
and an —S-heteroaryl group, as de?ned herein. 

[0177] A “trihalomethyl” group refers to a —CX3 group, 
Wherein X is a halogen as de?ned herein. A representative 
example of a trihalomethyl group is a —CF3 group. 

[0178] A“perhalo” group refers to a group in Which all the 
hydrogen atoms thereof have been replaced by halogen 
atoms. 

[0179] A “thiocarboxy” group refers to a —C(=S)—R‘ 
group, Where R‘ is as de?ned herein. 

[0180] An “alkylsul?nyl” group refers to an —S(=O)— 
R‘ group, Where R‘ is as de?ned herein. 

[0181] An “alkylsulfonyl” group refers to an —S(=O)2— 
R‘ group, Where R‘ is as de?ned herein. 

[0182] A “carbamyl” group refers to an —OC(=O)— 
NRbRc group, Where Rb and Rc are as de?ned herein. 

[0183] A “nitro” group refers to a —NO2 group. 

[0184] A “cyano” group refers to a —C—N group. 

[0185] The radiolabeled compounds of the present inven 
tion are derivatiZed 4-(phenylamino)quinaZolines that are 
substituted at position 6 or 7 of the quinaZoline ring by an 
ot,[3-unsaturated carboxylic group, also de?ned herein as an 
X—Y(=O)-Z group. 
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[0186] As used herein in the speci?cation and in the 
claims section that follows, the term “ot,[3-unsaturated car 
boXylic group” refers to my group that comprises a 
—C(=O)— group and is linked at the distal end thereof to 
an unsaturated group. The carboXylic group can be, for 
example, an amide, an ester, a hydraZinamide or a ketone. 

[0187] The term “unsaturated group” refers to a substi 
tuted or non-substituted hydrocarbon that comprise at least 
tWo carbon atoms and at least one unsaturated bond. Rep 
resentative examples of an unsaturated group include alk 
enyl, alkynyl and diene. 

[0188] This class of derivatiZed 4-(phenylamino)quinaZo 
lines is knoWn to bind irreversibly to the ATP site of 
EGFR-TK due to the ot,[3-unsaturated carboXylic group 
attached to the anilinoquinaZoline ring [15, 16 and US. Pat. 
Nos. 6,153,617 and 6,127,374]. The ot,[3-unsaturated car 
boXylic group Was found to covalently attach to the Cys-773 
at the EGFR-TK ATP binding site, and thus acts as a Michael 
acceptor. 

[0189] Prior to the disclosure of this class of compounds, 
derivatiZed 4-(phenylamino)quinaZolines Were knoWn to 
bind reversibly to the EGFR-TK ATP site. The level of the 
biological activity of these compounds is in?uenced by the 
nature of the derivatiZing groups at the anilino ring thereof. 
HoWever, the covalent binding to the receptor, Which is 
effected by the ot,[3-unsaturated carboXylic group attached to 
this class of quinaZolines, enables the use of 4-(phenylami 
no)quinaZolines that are derivatiZed by various derivatiZing 
groups as EGFR-TK inhibitors. Nevertheless, the derivatiZ 
ing groups can be attached to both the aniline ring and the 
quinaZoline ring of the compounds of the present invention. 
The nature of these derivatiZing groups may affect the 
binding af?nity of the compound to the receptor as Well as 
other biological activity parameters such as speci?city, 
metabolism of the compound and kinetic rates. 

[0190] Thus, according to a preferred embodiment of the 
present invention, the non-radioactive derivatiZing group of 
the radiolabeled compound of the present invention is 
attached to the aniline ring and includes, for eXample, 
hydrogen, halogen, alkyl, haloalkyl, hydroXy, alkoXy, car 
boXy, carbalkoXy, thiohydroXy, thiocarboXy, thioalkoXy, 
alkylsul?nyl, alkylsulfonyl, amino, diamino, carbamyl, 
dicarbamoyl, nitro and cyano, as these terms are de?ned 
hereinabove. 

[0191] According to another preferred embodiment of the 
invention, a non-radioactive derivatiZing group is attached 
to the quinaZoline group (as is represented in Formula I 
hereinabove by either Q1 or Q2) and includes, for eXample, 
halogen, alkoXy, hydroXy, thiohydroXy, thioalkoXy, alky 
lamino and amino. Preferably, this derivatiZing group is an 
alkoXy group and, more preferably, it is an alkoXy group that 
comprises a morpholino group such as, but not limited to, a 
3(4-morpholinyl)propoXy group. Further preferably, the 
derivatiZing group is a substituted or non-substituted mor 
pholino group or a substituted or non-substituted piperaZino 
group. The presence of a morpholino or piperaZino group in 
this class of compounds in knoWn to increase their biologi 
cal availability [15]. 

[0192] Another factor Which in?uences the binding 
potency of the derivatiZed 4-(phenylamino)quinaZolines of 
the present invention is the position of the ot,[3-unsaturated 
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carboXylic group attached to the quinaZoline ring. A 6-po 
sition ot,[3-unsaturated carboXylic group has higher binding 
potency to the EGFR-TKATP site [15, 16 and US. Pat. Nos. 
6,153,617 and 6,127,374]. Thus, according to another pre 
ferred embodiment of the present invention, the 
X—Y(=O)-Z group of the radiolabeled compound is 
attached to position 6 of the quinaZoline ring. 

[0193] According to still another preferred embodiment of 
[he invention, the 6-position ot,[3-unsaturated carboXylic 
group is an acrylamide group. Thus, a preferred radiolabeled 
compound according to the present invention is a radiola 
beled N-[4—(phenylamino)quinaZolin-6-yl]acrylamide 
derivatiZed by the R'‘‘, A, B, C and D as these symbols are 
de?ned above. 

[0194] The acrylamide group can be further derivatiZed by 
a derivatiZing group that includes, for eXample, halogen, 
carboXy, alkenyl, alkoXy, carbonyl, substituted or non-sub 
stituted alkyl and substituted or non-substituted phenyl, as 
these terms are de?ned hereinabove. Preferably, the acryla 
mide group is derivatiZed by a substituted alkyl and, more 
preferably, the alkyl is substituted by an amino group such 
as, but not limited to, an alkylamino group and a dialky 
lamino group. More preferably, the alkyl is substituted by a 
dialkylamino group such as, but not limited to, dimethy 
lamino, diethylamino, dipropylamino and diisopropylamino. 
Optionally, the alkyl is substituted by a morpholino group. 

[0195] Thus, according to another preferred embodiment 
of the present invention, the ot,[3-unsaturated carboXylic 
group is 4—(dialkylamino)-2-butenamide. The presence of an 
ot,[3-unsaturated carboXylic group derivatiZed by a dialky 
lamino group is advantageous since the dialkylamino group 
increases the solubility of the compound under physiological 
conditions and hence increases the biological availability of 
the compound [19]. Furthermore, the presence of a dialky 
lamino group reduces the chemical reactivity of the unsat 
urated center of the compound as a Michael acceptor in 
nucleophilic reactions, due to electronic and steric effects. 
This reduced chemical reactivity is advantageous since the 
unsaturated center in this class of compounds is highly 
reactive and thus reacts, in addition to the targeted Cys-773 
at the EGFR-TK ATP binding site, With other —SH residues 
that are present in the blood and other organs. Thus, by 
reducing its reactivity, the dialkylamino group enhances the 
binding speci?city of the compound to the receptor. 

[0196] US. Pat. No. 6,126,917 further teaches that 4-(phe 
nylamino)quinaZolines that are derivatiZed at position 6 of 
the aniline group by ?uorine are potent inhibitors of EGFR 
TK. The highest af?nity toWard the receptor is achieved 
using 4-[(3,4-dichloro-6-?uorophenyl)-amino]quinaZolines. 

[0197] Thus, according to a preferred embodiment of the 
invention Y is a carbon, X is —NH, Z is CH2=CH—, R8 is 
hydrogen, A and B are each chlorine, C is hydrogen and D 
is ?uorine, Which is referred to hereinbeloW as Compound 3. 

[0198] According to another preferred embodiment of the 
invention, Y is a radioactive carbon, and the radioactive 
carbon is carbon-11. 

[0199] According to still another preferred embodiment of 
the invention, at least one of A, B, C and D is a radioactive 
?uorine, and the radioactive ?uorine is ?uorine-18. Prefer 
ably, D is ?uorine-18. 
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[0200] According to yet another preferred embodiment of 
the present invention, A is bromine or iodine and B, C and 
D are each hydrogen. 

[0201] Thus, according to a presently most preferred 
embodiment of the invention, in Compound 3, Y is carbon 
11. 

[0202] According to another presently preferred embodi 
ment of the invention, in Compound 3, D is ?uorine-18. 

[0203] According to another preferred embodiment of the 
present invention, Y is a carbon, X is —NH, Z is (CH3)2N— 
CH2—CH=CH—, R8 is hydrogen and A, B, C and D are as 
de?ned hereinabove, Which is referred to hereinbeloW as 
Compound 4. 

[0204] Preferably, in Compound 4, A and B are each 
chlorine, C is hydrogen and D is ?uorine. Alternatively, Ais 
bromine or iodine and B, C and D are each hydrogen. 

[0205] Further preferably, in Compound 4, Y is a non 
radioactive carbon and at least one of A, B, C and D is a 
radioactive ?uorine, and the radioactive ?uorine is ?uorine 
18. Preferably, D is ?uorine-18. 

[0206] Further preferably, in Compound 4, Y is a non 
radioactive carbon and at least one of A, B, C and D is a 
radioactive iodine, and the radioactive iodine is iodine-124. 
Preferably, A is iodine-124. This compound is referred to 
hereinbeloW as Compound 5. 

[0207] Most preferably, in Compound 4, a methyl group in 
the derivatiZing dimethylamino group comprises a radioac 
tive carbon and the radioactive carbon is carbon11. 

[0208] Further according to preferred embodiments of the 
invention the radioactive atom is a radioactive bromine such 
as bromine-76 and bromine-77. 

[0209] Preferably, A is the radioactive bromine. A bro 
mine-76 labeled compound of the invention can be used for 
PET radioimaging, While a bromine-77 labeled compound 
of the invention can be used for radiotherapy. 

[0210] According to another preferred embodiments of the 
present invention the radioactive atom is a radioactive iodine 
such as iodine-123, iodine-124 or iodine-131. Preferably, A 
is the radioactive iodine. An iodine-123 labeled compound 
of the invention can be used for SPECT radioimaging, an 
iodine-124 labeled compound of the invention can be used 
for both PET radioimaging and/or radiotherapy and an 
iodine-131 labeled compound of the invention can be used 
for radiotherapy. 

[0211] Radiosyntheses: 

[0212] According to another aspect of the present inven 
tion, there are provided methods for the syntheses of the 
radiolabeled compounds of the invention. 

[0213] The radiolabeling of the compounds can be per 
formed using three alternative strategies as folloWs: 

[0214] The ?rst strategy involves the incorporation of 
?uorine-18 atom Within the aniline ring and therefore 
requires that the radiolabeling be the ?rst step of a multi-step 
radiosynthesis, Which typically includes a total of four- to 
eight-step radiosynthesis, as is further exempli?ed in the 
Examples section that folloWs. 
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[0215] The second strategy for radiolabeling according to 
the present invention involves the incorporation of a carbon 
11 atom Within the ot,[3-unsaturated carboXylic residue 
Which is performed at the ?nal step of the synthesis, this 
being an advantageous one-step radiosynthesis. The incor 
poration of the carbon-11, according to this strategy, can be 
performed either at the ot-carbon or at the uu-atom of the 
ot,[3-unsaturated carboXylic residue. 
[0216] The third strategy involves the incorporation of 
radioactive bromine or radioactive iodine Within the anilino 
ring of the 4—(phenylamino)quinaZoline, prior to the ?nal 
step of the synthesis, resulting in an advantageous tWo-step 
radiosynthesis, Wherein the ?nal step is simple to perform 
(see beloW). 
[0217] Thus, according to still another aspect of the 
present invention, there is provided a method of synthesiZ 
ing a carbon-11 labeled compound as is described herein 
above. The method is effected by coupling an aniline deriva 
tiZed by Ra, A, B, C and D With a 4-chloroquinaZoline 
substituted at position 6 and/or 7 by one or more reactive 
group(s), so as to produce a reactive 4—(phenylamino 
)quinaZoline derivatiZed by R'‘‘, A, B, C and D, and reacting 
the reactive 4-(phenylamino)quinaZoline With a reactive 
carbon-11 labeled ot,[3-unsaturated carboXylic derivative. 
Alternatively, the method further includes reacting the reac 
tive 4-(phenylamino)quinaZoline With a chemically reactive 
group, prior to its reaction With the ot,[3-unsaturated car 
boXylic derivative, so as to produce a reactive substituted 
4-(phenylamino)quinaZoline. 
[0218] As used herein in the speci?cation and in the 
claims section that folloWs, the term “reactive” With respect 
to a group or a derivative refers to a group or derivative 

Which can be easily reacted With another group so as to 
produce a neW compound that comprises a neW functional 
group. Representative eXamples of a reactive group include 
nitro, amino, hydroXy, alkoXy and halogen. A carboXylic 
acid chloride is a representative eXample of a reactive 
derivative. An alkoXy group Which comprises a metal salt of 
hydroXyalkyl is a representative eXample of a chemically 
reactive group. Preferably, the chemically reactive group 
comprises a metal salt, e.g., sodium salt, potassium salt or 
lithium salt, of 3-(4-morpholinyl)-1-propanol, Which is also 
referred to herein as 3-(4-morpholinyl)propoXy. 

[0219] In one particular, Which includes a quinaZoline that 
is substituted by one reactive group at position 6 thereof, 
3,4-dichloro—6-?uoroaniline is reacted With 4-chloro-6-nit 
roquinaZoline, so as to produce 4-[(3,4-dichloro-6-?uo 
rophenyl)amino]-6-nitroquinaZoline, Which is reduced, by 
means of an ethanolic solution of hydraZine hydrate and 
Raney® Nickel, so as to produce 4-[(3,4-dichloro-6-?uo 
rophenyl)amino]-6-aminoquinaZoline. Then, the 4-[(3,4 
dichloro-6-?uorophenyl)amino]-6-aminoquinaZoline is 
reacted With a carbon-11 labeled acryloyl chloride so as to 

produce a carbon-11 labeled N-{4-[(3,4-dichloro-6-?uo 
rophenyl amino]quinaZoline-6-yl}acrylamide (carbon-11 
labeled Compound 3). 
[0220] Optionally, the starting material is 3-bromoaniline 
or 3-iodoaniline and the ?nal product is N-{4-((3-bromophe 
nyl)amino]quinaZoline-6-yl}acrylamide or N-{4-[(3-io 
dophenyl)amino)quinaZoline-6-yl}acrylamide, respectively. 
[0221] In another particular, Which includes a quinaZoline 
that is substituted by tWo different reactive groups at posi 
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tions 6 and 7 thereof, 3,4-dichloro-6-?uoroaniline is reacted 
With 4-chloro-7-?uoro-6-nitroquinaZoline, so as to produce 
4-[(3,4-dichloro-6-?uorophenyl) arnino]-7-?uoro-6-nitro 
quinaZoline. The 4-[(3,4-dichloro-6-?uorophenyl)arnino]-7 
?uoro-6-nitroquinaZoline is then reacted With a sodium salt 
of 3-(4-rnorpholinyl-l-propanol), so as to produce 4-[(3,4 
dichloro-6-?uorophenyl)arnino]-7-[3-(4-rnorpholinyl)pro 
poXy]-6-nitroquinaZoline, Which is reduced, by means of an 
ethanolic solution of hydrazine hydrate and Raney®Nickel, 
so as to produce 6-arnino-4-[(3,4-dichloro-6-?uoro pheny 
l)arnino]-7-[3-(4-rnorpholinyl)propoXy]quinaZoline. The 
product is then reacted With a carbon-11 labeled acryloyl 
chloride so as to produce a carbon-11 labeled N-{4-[(3,4 
dichloro-6-?uorophenyl)arnino]-7-[3-(4-rnorpholinyl)pro 
poXy]quinaZoline-6-yl}acrylarnide (carbon-11 labeled rnor 
pholino-substituted Compound 3). 

[0222] Optionally, the starting material is 3-brornoaniline 
or 3-iodoaniline and the product is {4-[(3-brornopheny 
l)arnino]-7-[3-(4-rnorpholinyl)propoXy]quinaZoline-6 
yl}acrylarnide or {4-[(3-iodophenyl)arnino]-7-[3-(4-rnor 
pholinyl)propoXy]quinaZoline-6yl}acrylarnide, respectively. 
[0223] Alternatively, and according to another aspect of 
the present invention, there is provided another method of 
synthesizing a carbon-11 labeled compound as is described 
hereinabove. The method is effected by coupling an aniline 
derivatiZed by R'‘‘, A, B, C and D With a 4-chloroquinaZoline 
substituted at position 6 and/or 7 by one or more reactive 
group(s), so as to produce a reactive 4-(phenylarnino 
)quinaZoline derivatiZed by R'‘‘, A, B, C and D, reacting the 
reactive 4-(phenylarnino)quinaZoline With a reactive ot,[3 
unsaturated carboXylic derivative, Which is terrninating With 
a second reactive group, so as to produce a 4-(phenylarni 
no)quinaZoline substituted at position 6 or 7 by an ot,[3 
unsaturated carboXylic group terrninating With the second 
reactive group, reacting the produced substituted 4-(pheny 
larnino)quinaZoline With a reactive substituted alkyl having 
1-6 carbon atoms, so as to produce a 4-(phenylarnino 
)quinaZoline substituted at position 6 or 7 by the ot,[3 
unsaturated carboXylic group terrninating With the reactive 
substituted alkyl and reacting the 4-(phenylarnino)quinaZo 
line substituted at position 6 or 7 by the ot,[3-unsaturated 
carboXylic group terrninating With the reactive substituted 
alkyl With a carbon-11 labeled reactive cornpound. 

[0224] Representative examples of a reactive ot,[3-unsat 
urated carboXylic derivative, Which is terrninating With a 
second reactive group, include uu-halogenated ot,[3-unsatur 
ated carboXylic derivatives such as, but not limited to, 
4-brornocrotonyl chloride, 4-chlorocrotonyl chloride and 
4-iodocrotonyl chloride. 

[0225] Representative examples of a reactive substituted 
alkyl include alkylarnines such as, but not limited to, rnethy 
larnine, ethylarnine, propylarnine and isopropylarnine. 

[0226] Representative examples of a carbon-11 reactive 
cornpound include carbon-11 methyl iodide, carbon-11 ethyl 
iodide, carbon-11 propyl iodide and carbon-11 rnethyl tri 
?ate, With carbon-11 rnethyl tri?ate being preferable due to 
its relative reactivity and loW volatility. 

[0227] In one particular, 3,4-dichloro-6-?uoroaniline is 
reacted With 4-chloro-6-nitroquinaZoline, so as to produce 
4-[(3,4-dichloro-6-?uorophenyl)arnino]-6-nitroquinaZoline, 
Which is reduced, by means of an ethanolic solution of 
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hydraZine hydrate and Raney®Nickel, so as to produce 
4-((3,4-dichloro-6-?uorophenyl)arnino]-6-arninoquinaZo 
line. Then, the 4-[(3,4-dichloro-6-?uorophenyl)arnino]-6 
arninoquinaZoline is reacted With 4-brornocrotonyl chloride, 
so as to produce 4-brorno-N-{4-[(3,4-dichloro-6-?uorophe 
nyl)arnino]quinaZoline-6-yl}-2-butenarnide, Which is then 
reacted With rnethylarnine, so as to produce N-{4-[(3,4 
dichloro-6-?uorophenyl)arnino]quinaZoline-6-yl}-4-(rne 
thylarnino)-2-butenarnide. The obtained rnethylarnino 
derivative of the butenarnide is reacted With a carbon-11 
labeled rnethyliodide, so as to produce a carbon-11 labeled 
N-{4-[(3,4-dichloro-6-?uorophenyl)arnino]quinaZoline-6 
yl}-4-(dirnethylarnino)-2-butenarnide (carbon-11 labeled 
Compound 4). 
[0228] Optionally, the starting material is 3-brornoaniline 
or 3-lodoaniline and the obtained product is a carbon-11 
labeled N-{4-[(3-brorno phenyl)arnino]quinaZoline-6-yl}-4 
(dirnethylarnino)-2-butenarnide or a carbon-11 labeled 
N-{4-[(3-iodophenyl)arnino]quinaZoline-6-yl}-4-(dirnethy 
larnino)-2-butenarnide. 
[0229] According to yet another aspect of the present 
invention, there is provided a method of synthesiZing a 
?uorine-18 labeled compound as is described hereinabove. 
The method is effected by preparing a ?uorine-18 labeled 
aniline derivatiZed by A, B, C and D by means of reacting 
a pre-selected nitrobenZene With a 18F-?uoride ion and 
thereafter reducing the ?uoronitrobenZene obtained, by 
means of an ethanolic solution of hydraZine hydrate and 
Raney®Nickel. Then, coupling the derivatiZed ?uorine-18 
labeled aniline With 4-chloroquinaZoline substituted at posi 
tion 6 and/or 7 by one or more reactive group(s) as de?ned 
herein, so as to produce a reactive ?uorine-18 labeled 
4-(phenylarnino)quinaZoline derivatiZed by A, B, C and D, 
and reacting the reactive ?uorine-18 labeled 4-(phenylarni 
no)quinaZoline With a reactive ot,[3-unsaturated carboXylic 
derivative. 

[0230] In one particular, ?uorine-18 labeled 3,4-dichloro 
6-?uoroaniline is prepared by reacting 1,2-dichloro4,5-dini 
trobenZene With 18F-?uoride ion and reducing the obtained 
?uorine-18 labeled 3,4-dichloro-6-?uoronitrobenZene as 
described hereinabove. The ?uorine-18 labeled aniline is 
then reacted With 4-chloro-6-nitroquinaZoline, and the 
obtained ?uorine-18 labeled 4-[(3,4-dichloro-6-?uorophe 
nyl)arnino]-6-nitroquinaZoline is reduced thereafter, by 
means of an ethanolic solution of hydraZine hydrate and 
Raney®Nickel, so as to produce ?uorine-18 labeled 4-[(3, 
4-dichloro-6-?uorophenyl)arnino]-6-arninoquinaZoline, 
Which is reacted With an acryloyl chloride so as to produce 
a ?uorine-18 labeled N-{4-[(3,4-dichloro-6-?uoropheny 
l)arnino]quinaZoline-6-yl}acrylarnide (?uorine-18 labeled 
Compound 3). 
[0231] Optionally, the ?uorine-18 labeled aniline is 
reacted With 4-chloro-7-?uoro-6-nitroquinaZoline, and the 
obtained product is then reduced as described hereinabove 
so as to produce ?uorine-19 labeled 6-arnino-4-[(3,4 
dichloro-6-?uorophenyl)arnino]-7-[3-(4-rnorpholinyl)pro 
poXy]quinaZoline. The obtained ?uorine-18 labeled substi 
tuted arninoquinaZoline is then reacted With the acryloyl 
chloride so as to produce the radiolabeled (?uorine-18 
labeled) Compound 3 derivatiZed by a rnorpholino group. 

[0232] Further optionally, the obtained ?uorine-18 labeled 
4-[(3,4-dichloro-6-?uorophenyl)arnino]-6-arninoquinaZo 
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line is reacted With 4-bromocrotonyl chloride and thereafter 
With dimethylamine, so as to produce the radiolabeled 
(?uorine-18 labeled) Compound 4. 
[0233] According to still another aspect of the present 
invention, there is provided a method of synthesizing a 
radioactive bromine labeled or a radioactive iodine labeled 
compound as is described hereinabove. The method is 
effected by coupling an aniline derivatiZed by Ra, A, B, C 
and D, Wherein at least one of A, B, C and n is a halogen, 
With 4-chloroquinaZoline substituted at position 6 and/or 7 
by one or more reactive group(s) as de?ned herein, so as to 
produce a reactive 4-(phenylamino)quinaZoline derivatiZed 
by A, B, C and D as de?ned herein, and radiolabeling the 
reactive 4-(phenylamino)quinaZoline by means of reacting 
the reactive 4-(phenylamino)quinaZoline derivatiZed by A, 
B, C and D, With bistributyltin, using tetrakis(triphenylphos 
phine)palladium as catalyst, so as to produce a reactive 
4-(phenylamino)quinaZoline derivatiZed by A, B, C and D, 
Wherein at least one of A, B, C and D is tributyltin, and 
thereafter reacting the stanylated product With a radioactive 
bromine or a radioactive iodine, in the presence of an 
oxidiZing agent, so as to produce a reactive radioactive 
bromine labeled or radioactive iodine labeled 4-(phenylami 
no)quinaZoline. Then, reacting the reactive radioactive bro 
mine labeled or radioactive iodine labeled 4-(phenylamino 
)quinaZoline With a reactive ot,[3-unsaturated carboxylic 
derivative. 

[0234] In one particular, 3-bromoaniline is reacted With 
4-chloro-6-nitroquinaZoline to produce 4-[(3-bromopheny 
l)amino]-6-nitroquinaZoline, Which is reduced thereafter, by 
means of an ethanolic solution of hydraZine hydrate and 
Raney®Nickel, to the corresponding 6-aminoquinaZoline. 
The 4-[(3-hromophenyl)amino]-6-aminoquinaZoline is then 
reacted With bistributyltin in the presence of tetrakis(triph 
enylphosphine)palladium in THF solution and the obtained 
stanylated product is reacted thereafter With iodine 124, as 
described hereinabove. The obtained iodine-124 labeled 
4-[(3-iodophenyl)amino]-6-aminoquinaZoline is then 
reacted With an acryloyl chloride to produce an iodine-124 
labeled N-{4-[(3-iodophenyl)amino]quinaZoline-6 
ylEacrylamide. 
[0235] Optionally, the iodine-124 labeled aniline is 
reacted With 4-chloro-7-?uoro-6-nitroquinaZoline, and the 
obtained product is then reduced as described hereinabove 
so as to produce iodine-124 labeled 6-amino-4-[(3-iodophe 
nyl)amino]-7-[3-(4-morpholinyl)propoxy]quinaZoline. The 
obtained iodine-124 labeled substituted aminoquinaZoline is 
then reacted With the acryloyl chloride so as to produce the 
iodine-124 labeled N-{4[(3-iodophenyl)amino]quinaZoline 
6-yl} acrylamide derivatiZed by a morpholino group. 

[0236] Further optionally, the obtained iodine-124 labeled 
4-[(3-iodophenyl)amino]-6-aminoquinaZoline is reacted 
With 4-bromocrotonyl chloride and thereafter With dimethy 
lamine, so as to produce the radiolabeled Compound 5. 

[0237] Iodine-124 is a presently most promising radionu 
clides Which can be used for both effective radioimaging and 
radiotherapy. Hence, irreversible inhibitors radiolabeled by 
iodine-124, such as Compound 5, are highly potent agents, 
as is further detailed hereinbeloW. 

[0238] Radioimaging and Radiotherapy: 
[0239] The radiolabeled compounds herein described can 
be used as radioimaging and radiotherapy agents carbon-11 
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labeled, ?uorine-18 labeled, bromine-76 labeled and iodine 
124 labeled compounds of the invention can be used as 
biomarkers for PET radioimaging, Whereas iodine-123 
labeled compounds of the invention can be used as biom 
arkers for SPECT radioimaging. Bromine-77 labeled, 
iodine-124 and iodine-131 labeled compounds of the inven 
tion can be used as radiopharmaceuticals for radiotherapy. 
Thus, the radiolabeled compounds of the invention can be 
used to effect a method of monitoring the level of epidermal 
groWth factor receptor Within) a body of a patient by 
administering to the patient any of the carbon-11, ?uorine 
18, bromine-76, iodine-123 or iodine-124 radiolabeled com 
pounds described herein and employing a nuclear imaging 
technique, such as positron emission tomography or single 
photon emission computed tomography, for monitoring a 
distribution of the compound Within the body or Within a 
portion thereof. 

[0240] Nuclear imaging dosing depends on the af?nity of 
the compound to its receptor, the isotope employed and the 
speci?c activity of labeling. Persons ordinarily skilled in the 
art can easily determined optimum nuclear imaging dosages 
and dosing methodology. 

[0241] The bromine-77, iodine-124 and iodine-131 radio 
labeled compounds herein described can be used to effect a 
method of radiotherapy by administering to a patient a 
therapeutically effective amount of a radiolabeled com 
pound as described herein, bed with, for example, a phar 
maceutically acceptable carrier. 

[0242] For any compound used in the method of the 
invention, a therapeutically effective amount, also referred 
to herein as a therapeutically effective dose, can be estimated 
initially from cell culture assays. For example, a dose can be 
formulated in animal models to achieve a circulating con 
centration range that includes the IC5O or the IC100 a deter 
mined in cell culture. Such information can be used to more 
accurately determine useful doses in humans. Initial dosages 
can also be estimated from in vivo data. Using these initial 
guidelines one having ordinary skill in the art could deter 
mine an effective dosage in humans. 

[0243] Moreover, toxicity and therapeutic ef?cacy of the 
radiolabeled compounds described herein can be determined 
by standard pharmaceutical procedures in cell cultures or 
experimental animals, e.g., by determining the LD5O and the 
EDSO. The dose ratio betWeen toxic and therapeutic effect is 
the therapeutic index and can be expressed as the ratio 
betWeen LD5O and EDSO. Compounds Which exhibit high 
therapeutic indices are preferred. The data obtained from 
these cell cultures assays and animal studies can be used in 
formulating a dosage range that is not toxic for use in 
human. The dosage of such compounds lies preferably 
Within a range of circulating concentrations that include the 
ED5O With little or no toxicity. The dosage may vary Within 
this is range depending upon the dosage form employed and 
the route of administration utiliZed. The exact formulation, 
route of administration and dosage can be chosen by the 
individual physician in vieW of the patient’s condition. (See, 
e.g., Fingl et al., 1975, In: The Pharmacological Basis of 
Therapeutics, chapter 1, page 1). 

[0244] Dosage amount and interval may be adjusted indi 
vidually to provide plasma levels of the active compound 
Which are sufficient to maintain therapeutic effect. Usual 
patient dosages for oral administration range from about 










































